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I. INTRODUCTION 

The program has been expanded considerably s ince  t h e  second semi-annual 

r epor t  w a s  submitted.  

enables us t o  achieve a b e t t e r  vacuum. 

quickly,  and t h e  sample can be repeatedly loaded and unloaded a t  a l l  

temperatures.  

pump has been incorporated i n t o  the system. The g l a s s  s ec t ions  have been 

reduced and t h e  g l a s s  p a r t s  a r e  e a s i l y  removable and replaceable .  

delays due t o  g l a s s  breakage have been markedly reduced. 

A second vacuum system has been cons t ruc ted ,  which 

Specimens can be exchanged more 

A t i t an ium sublimation pump a d d i t i o n a l l y  t o  t h e  Vac-Ion 

Thus, 

-10 We achieved a t  room temperature pressures  of 2 . 10 mm Hg after a 

2 hour outbaking a t  1 8 0 O c .  

of 800Oc. 

above 1000°C i n  t h e  t e s t  sec t ion .  Length changes of t h e  specimens a r e  

measured photographical ly  using a 35 mm camera. 

analyzed on a microscope s t age .  

p re sen t ly  t o  about 1 . 10- . 
increase  t h e  s e n s i t i v i t y  t o  approximately AL/L = 

The sample sec t ion  has been heated t o  temperatures 

The h e a t e r  should be  powerful enough t o  obta in  temperatures we l l  

These f i lms a r e  now 

This makes it poss ib le  t o  determine AL/L 

4 By using a f i n e  g ra in  f i lm we should be ab le  t o  

Results on creep t e s t s  on po lyc rys t a l l i ne  copper show t h a t  t h e  s t r e n g t h  

o f  a specimen changes not iceably i f  t e s t e d  with e i t h e r  an argon bombarded 

"clean" sur face  or a reoxidized sur face .  
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11. EXPERIMENTAL ARRANGEMENT 

A. Test System I 

The experimental  d a t a ,  as reported i n  sec t ion  I11 of t h i s  r e p o r t ,  were 

(1) obtained i n  t h e  vacuum system described i n  t h e  Semi-Annual Report I1 

Only t h e  specimen suppor t ,  t h e  thermocouple p o s i t i o n  and t h e  loading mechanism 

. 

were a l t e r e d .  This vacuum creep t e s t  system w i l l  be r e f e r r e d  t o  as Test 

System I .  

Figure 1 gives  a schematic diagram o f  t h e  new specimen support  and t h e  

system t o  measure length  changes. The sample i s  looped a t  both ends around 

two nichrome wires A and A ' .  It was found t h a t  t h e  sample d i d  not break a t  

t h e  nichrome w i r e .  Presumably the r a d i u s  of  t h e  nichrome w i r e  i s  l a r g e  

enough t o  reduce s u f f i c i e n t l y  stress concentrat ions a t  t h e  sample end. Samples 

d i d  break r e l a t i v e l y  f r equen t ly  a t  t h e  prev ious ly  used "knot" ( R e f .  1, p .  1 7 ) .  

The nichrome w i r e  A extends f r o m t h e  t o p  o f  t h e  sample t o  poin t  B, and 

nichrome w i r e  A '  from t h e  lower end of  t h e  sample t o  po in t  B ' .  The d i s t ance  

between B and B' i n d i c a t e s  t he  length change of t h e  sample. The t i p s  o f  t h e  

nichrome w i r e ,  B and B ' ,  ( s e e  Fig. 1) are photographed. Their  d i s t ance  on t h e  

f i l m  i s  measured on t h e  microscope s t a g e  of t h e  metallograph. 

A s i l i c a  tube  i s  s l ipped  over t h e  t o p  de tec t ion  w i r e  and pos i t i oned  

a t  p o i n t  C i n  order  t o  i n s u l a t e  the specimen from t h e  nichrome de tec t ion  

w i r e .  This i n s u l a t i o n  i s  necessary t o  avoid cold-welding between sample 

and t h e  t o p  de tec t ion  w i r e  during argon bombardment. The thermocouple i s  

i n s e r t e d  through theceramic tube D and spot-welded t o  t h e  nichrome w i r e .  The 

thermocouple i s  placed through a two-nole ceramic tube f m  e l e c t r i c a l  i n su la t ion .  
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The unloading mechanism has been redesigned s o  t h a t  t h e  sample can be  

This design reduces t h e  t i m e  repeatedly loaded and unloaded under vacuum. 

consuming "bake-out cycle" i n  t h e  t e s t i n g  procedure because t h e  load  can 

be re leased  i f  t h e  sample does not f r a c t u r e  during a t e s t  run.  The sample can 

then  be reannealed and t h e  load  can be  appl ied with t h e  sample a t  h igher  

temperature.  Figure 2 g ives  a schematic diagram of  t h e  new load  release 

mechanism. This load-release mechanism, which i s  connected t o  t.he sample, 

cons i s t s  o f  a f la t  s t a i n l e s s  s tee l  sec t ion  of  1/8" t h i ckness  ( A )  and a movable 

nichrome w i r e  ( B )  (F ig .  2a t o  b ) .  F ig .  2a shows t h e  system before  t h e  load  

( C )  i s  connected t o  it. 

l i f t e d  by a solenoid.  

and wire D s l i p s  p a s t  B2. 

w i r e  D wi th  t h e l o a d  as soon as the solenoid i s  lowered. When t h e  load  C i s  t o  

be removed, C and D i s  l i f t e d  again with t h e  solenoid.  

t h e  wire B .  B1 i s  caught at E (Fig. 2b ) .  

B2 during lowering of  t h e  solenoid.  

mechanism allows repeated loading and unloading i n  vacuum. 

When t h e  load  C i s  t o  be app l i ed ,  i t  and w i r e  D are 

The hor izonta l  s ec t ion  of  w i r e  D l i f t s  wire  B2 

Then B drops t o  i t s  ho r i zon ta l  p o s i t i o n ,  car ry ing  2 

D l i f t s  sec t ion  B1 of  

Then w i r e  D can s l i p  p a s t  w i r e  

With t h i s  t h e  load  i s  re leased .  This 

The method of argon bombarding i s  t h e  same as t h a t  ou t l i ned  i n  t h e  second 

semi-annual r e p o r t .  A se r ious  crack developed i n  t h e  g l a s s  s ec t ion  of t h i s  

System I.  It i s  p resen t ly  i n  the process  of  recons t ruc t ion .  

as found i n  T e s t  System I1 w i l l  be incorporated i n t o  t h e  r e b u i l t  T e s t  System I. 

B. Test System I1 

Improvements 

Test System I has seve ra l  disadvantages. Loading and unloading of t h e  sample 



t akes  a long t i m e .  Extensive use of g l a s s  makes it r a t h e r  f r a g i l e ,  and t h e  

hea te r  contains seve ra l  non-metal components which increase  t h e  pressure  due 

t o  prolonged outgassing. 

It was the re fo re  decided t o  bui ld  a second vacuum system (Tes t  System II), 

which avoids most of t hese  shortcomings. Glass sec t ions  are s h o r t .  The load 

support  i s  very r i g i d .  The load can be a t tached  and removed e a s i l y .  

t o  t h e  8 l / s e c  Srac-Ion pump, a 50 l / s e c  T i  sublimation pump i s  used. 

pumps a r e  very c lose  t o  t h e  t e s t  sec t ion .  

Add i t iona l ly .  

Both 

Fig .  3 gives  a schematic p i c tu re  of t h e  vacuum system. 

A s  shown, a Welch-Duo-seal mechanical pump i s  connected i n  s e r i e s  with a 

NRC Type 149 metal d i f fus ion  pump (pumping speed 60 l / second) ,  a Kontes 

g l a s s  va lve ,  a Kontes cold t rap,  a 1" Granvi l le -Phi l l ips  u l t ra -h igh  vacuum 

va lve ,  and two Varian cross connections t o  t h e  t es t  c e l l .  I n  add i t ion ,  a 

Vac-Ion pump (pumping speed of 8 l / s econd) ,  a Varian T i t a n i u m  Sublimation 

pump (pumping speed of 50 l / s e c . )  and a Granvi l le -Phi l l ips  va r i ab le  l eak  

valve are connected t o  t h e  u l t r a  high vacuum sec t ion  by f langes  of t h e  Varian 

c ros s  connections.  The two vacuum gauges placed as shown and t h e  Vac-Ion 

pump allow an  accurate  determination of  t h e  pressure  i n  t h e  system. 

Varian f l e x i b l e  couplings connected i n  s e r i e s  t o  a Varian c ross  connection 

al low a l i n e a r  movement of  about 1.5" in s ide  t h e  t e s t  c e l l .  

feed through c loses  t h e  Vacuum system a t  t h e  f l e x i b l e  coupling. 

through" is  used for t h e  e l e c t r i c  cu r ren t  of t h e  specimen hea te r .  

connect ions,  including t h e  test  c e l l  connection, are made with Varian c o n f l a t  

f l anges  . 
v a r i a b l e  l eak  valve i n t o  the  u l t r a  high vacuum sec t ion .  

Two 

A 45 Amp e l e c t r i c a l  

The "feed 

A l l  

High pu r i ty  argon (10  ppm) i s  admitted through t h e  Granvi l le -Phi l l ips  

4 



Figure 4 gives  a schematic diagram of  the  t e s t  s ec t ion .  Two s t a i n l e s s  s t e e l  

rods ( A )  and two copper rods ( B )  form t h e  frame f o r  t h e  specimen support  ( C ) .  

The rods car ry  a lso a s e t  of 3 Mo-radiation sh ie lds  ( D )  and a Ta-heating wire  ( E ) .  

The T a  wire has a diameter of about 0.030" and i s  self-support ing.  

oxide rods separa te  it from t h e  r ad ia t ion  sh ie ld .  The specimen i s  a t tached  a t  

one end t o  a supporting nichrome wire (F) , at t h e  o ther  end t o  t h e  load  ( G ) .  

The copper rod ( E )  can be l i f t e d  t o  support  t h e  load ( G ) .  This  copper rod,  which 

i s  in su la t ed ,  has a l s o  a f l e x i b l e  connection t o  t h e  h e a t e r  ( E )  on t h e  t o p  end. 

I ts  lower end i s  connected t o  t h e  "high cur ren t  vacuum feed through" a t tached  

t o  f l e x i b l e  bellows (See Fig.  3 ) .  

Four A l -  

The temperature o f  t h e  sample i s  measured with a thermocouple p a i r  ( I ) ,  which 

has a pressure  contac t  t o  the  e l e c t r i c a l  feed through (K). 

remove the  glass-envelope (L) e a s i l y .  

This allows one t o  

The t e s t  procedure f o r  Vacuum System I1 w i l l  be as follows. The mechanical 

pump i s  turned on and allowed t o  pump t h e  whole system down t o  about 10-l Torr. 

The o i l  d i f fus ion  pump i s  then ac t iva ted  t o  b r ing  t h e  system down t o  about 

Torr. A t  t h i s  pressure  t h e  wire specimen i s  annealed with t h e  tantalum 

w i r e  c o i l  r e s i s t a n c e  h e a t e r  ( E ,  Fig. 4)  ( r e s i s t a n c e  o f  about In). The 

system i s  then  "baked out" at temperatures between 300' and 350'C f o r  about 

2 hours .  

allowed t o  pump back down af ter  "bake out  t o  about 10  Torr .  The Granvi l le-  

P h i l l i p ' s  u l t r a  high vacuum valve i s  then  closed. Argon w i l l  t h e n - b e  introduced 

t o  t h e  system v i a  t h e  Granvi l le-Phi l l ips  l eak  valve.  The argon w i l l  be p u r i f i e d  

with t h e  t i t an ium sublimation pumps which w i l l  remove only contaminants from 

t h e  system. 

During t h i s  process t h e  pressure  w i l l  r i s e .  The system w i l l  be 

-6 

The specimen i s  then "cleaned:' by bombardment with argon ions.  
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The specimen i s  connected through t h e  thermocouple (I ,  Fig .  4 )  t o  a 

This negat ive p o t e n t i a l  (above 500v. 

f i g u r e  f o r  t h e  required p o t e n t i a l  difference i s  determined from t h e  

appearance of t h e  glow assoc ia ted  with argon ion iza t ion .  

with respec t  t o  t h e  h e a t e r  c o i l .  

A t  t h i s  po in t  t h e r e  are t w o  possible  ways t o  conduct t h e  experiment. 

One, t h e  argon may be l e f t  i n  t h e  t e s t  c e l l  and assumed t o  have no e f f e c t  on 

t h e  t es t  r e s u l t s .  

r e s t  of  t h e  system (which i s  about 

pump t o  remove t h e  argon. The Granvi l le-Phi l l ips  valve can then be closed 

again with t h e  Vac-Ion pump operating t o  br ing  t h e  t e s t  c e l l  down t o  i t s  

u l t ima te  vacuum. This method has t h e  disadvantage t h a t  it may expose t h e  

f r e sh ly  ttcleanedt'  specimen t o  contaminants during t b e  pump down of Argon. 

Both methods w i l l  be t r i e d  i n  an e f f o r t  t o  determine t h e  e f f e c t  of t h e  argon 

atmosphere. 

Two, t h e  Granvi l le-Phi l l ips  valve can be opened t o  t h e  

Torr )  t o  allow t h e  o i l  d i f fus ion  

The specimen and t e s t  c e l l  should now be ready f o r  t h e  a c t u a l  t es t .  The 

load  has not  been appl ied but  r e s t s  on rod H as s h o p  i n  F ig .  4. 

i s  heated up t o  t h e  t e s t  temperature. 

thermocouple ( I )  ( see  Fig. 4). 

lowering t h e  bellows assembly w i t h  t h e  mandrel press .  

i s  shown i n  i t s  i n i t i a l ,  unloaded s t a t e  with t h e  copper rod H i n  pos i t i on  X. 

The load i s  appl ied  t o  t h e  specimen i f  rod H i s  i n  pos i t i on  Y .  

The specimen 

This temperature w i l l  be measured with t h e  

The load w i l l  then be appl ied  t o  t h e  specimen by 

On Fig.  4 t h e  system 

35 mm photographs are taken of  t h e  de t ec t ion  wires (My Fig. 41, a t  about 

10 second i n t e r v a l s  t o  determine t h e  elongat ion of t h e  specimen. 

specimen does not f r a c t u r e ,  t h e  specimen i s  unloaded and t h e  system i s  opened t o  

t h e  atmosphere at e leva ted  temperatures t o  allow t h e  specimen t o  oxidize.  

If t h e  

b 



The system i s  then closed and re-evacuated, t h e  load  reappl ied ,  and photographs 

taken again.  The r e s u l t s  of the  t w o  sets of photographs are then  compared and 

conclusions drawn. No a c t u a l  t e s t  runs have been made as y e t  though t h e  hea te r  

has been t e s t e d  t o  temperature up t o  about 80OoC.  



111. PRELIMINARY RESULTS 

A s  stated i n  t h e  second semi-annual r epor t  (Ref. 1) "clean" samples 

of copper wire  showed l i t t l e  deformation. However, t h e  saqe sample broke 

r ap id ly  when t e s t e d  i n  t h e  oxidized condi t ion a t  t h e  same temperature and 

a similar pressure.  

and t h e  r e s u l t s  a r e  given below. It should be pointed out  t h a t  t h e  

temperature given f o r  each t e s t  i s  only nominal. 

depended not icably  on t h e  exact pos i t ion  of  t h e  thermocouple. 

thermocouple pos i t i on  w a s  f ixed  i n  each o f  t h e  tes ts  I t o  111. 

w e  could keep t h e  temperature i n  each run constant  wi th in  a f e w  degrees.  

The uncer ta in ty  i n  temperature means 

of a prel iminary na ture .  

has a much b e t t e r  temperature con t ro l ) .  

t h a t  t h e  present  system i s  sens i t i ve  enough t o  measure creep rates. Only 

Test I11 gives  information on the  e f f e c t  of t h e  sur face  s t r u c t u r e  on creep 

rates. 

Test  I 

Fur ther  t e s t s  have been conducted i n  Test  System I 

The temperature reading 

However, t h e  

Therefore ,  

t h a t  t h e s e  measurements are s t i l l  

(Tes t  System 11, which i s  now ready f o r  t e s t i n g  

Tes t  I and I1 show the re fo re  only 

A t e s t  w a s  performed i n  order t o  obta in  a creep curve f o r  a sample 

t e s t e d  without sur face  treatment.  

hour p r i o r  t o  t h e  t e s t .  

t e s t  chamber p r i o r  t o  t h e  t e s t  was 

appl ied  t o  t h i s  specimen which was at  a nominal temperature of 3 7 5 O C .  

temperature remained constant t o  wi th in  15OC. 

The sample w a s  mnealed  a t  6 0 0 O c  f o r  an 

It w a s  not argon bombarded. The pressure  i n  t h e  

mm Hg. A load  of 185 gm w a s  

The 

Af ter  18 minutes t h e  specimen 

had not f r ac tu red .  The i n i t i a l  l ength  o f  t h e  specimen w a s  1 .46 inches and 

t h e  t o t a l  s t r a i n  w a s  1.8%. Figure 5 represents  a creep curve f o r  t h i s  sample. 

It can be seen t h a t  t h e  s c a t t e r  of t h e  data i s  of  t h e  order  of & = 0 . 2 % .  
1 
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Test I1 

The sample was annealed a t  600Oc f o r  two hours. The vacuum system 

w a s  subsequently baked out  f o r  a period of four hours a t  30OoC. 

pressure  i n  t h e  high vacuum chamber p r i o r  t o  argon bombardment w a s  1 x 10  

mm Hg. The sample w a s  argon bombarded f o r  two hours p r i o r  t o  t h e  t e s t .  

The load  of  185 gm w a s  appl ied  t o  the  specimen which w a s  a t  a nominal 

temperature of  4 1 5 O C .  

The 

-8 

The sample f rac tured  a f t e r  3 minutes. Only s ix  

p i c t u r e s  were taken. 

and t h e  t o t a l  s t r a i n  w a s  0.42%. 

sample. 

Test  I11 

The i n i t i a l  length of t h e  specimen w a s  1 .43  inches 

Fig.  6 represents  t h e  creep curve f o r  t h i s  

A t h i r d  t e s t  w a s  performed i n  order  t o  obta in  a creep curve f o r  a cleaned 

The w i r e  sample was 

The pressure  p r i o r  t o  

sample which i s  subsequently oxidized and r e t e s t e d .  

argon bombarded f o r  1 - 3/4 hours p r i o r  t o  t e s t i n g .  

argon bombarding was 7 x 10 

"clean" sample which w a s  a t  a temperature of  4 6 5 O C .  

recorded for t e n  minute i n t e r v a l  and t h e  load  w a s  removed. The vacuum 

chamber w a s  opened and t h e  sample was oxidized f o r  45 minutes. 

i n  t h e  chamber dropped t o  approximately 2OO0C during t h e  oxidizing per iod  

although t h e  vol tage appl ied  t o  the h e a t e r  wire  remained constant .  The system 

w a s  subsequently pumped down t o  a pressure  o f  5 x 10 mm Hg and t h e  load w a s  

reappl ied .  A f t e r  

a pe r iod  of about f i v e  minutes t h i s  oxidized sample f r ac tu red .  Fig.  7a and b 

g ives  t h e  creep curves for t h i s  t e s t .  

data po in t s  it appears as if t h e  reoxidized saaple  f r ac tu red  without 

-8 m Hg. The load of 185 gm was appl ied t o  t h e  

The elongat ion w a s  

The temperature 

-6 

The temperature i n  the t e s t  s ec t ion  had re turned  t o  460OC. 

Although t h e r e  i s  some s c a t t e r  i n  t h e  

9 



s i g n i f i c a n t  creep. 

of t h e  two curves seems t o  ind ica t e  that oxidat ion of a sample decreases  t h e  

creep rate and embr i t t l e s  t h e  sample. 

y i e l d ,  it f r a c t u r e s  rap id ly .  

Although t h e  r e s u l t s  a r e  by no means conclusive,  t h e  shape 

Once t h e  oxidized sample begins t o  

I 

10 



Iv. SUMMARY AND CONCLUSIONS 

I 

A presen t ly  constructed vacuum system i s  now capable t o  reach pressures  

of about 10-l' mm Hg. 

t e s t i n g .  It is  now also poss ib le  t o  c lean  t h e  argon before  argon bombarding 

starts i n s i d e  t h e  ultra high vacuum sec t ion .  

about 800Oc. It should be capable t o  hea t  t h e  sample w e l l  above 1000°C. 

The new specimen loading  system makes it poss ib l e  t o  load  and unload t h e  

sample gen t ly  at a l l  temperatures. 

This should prevent no t i cab le  contamination during 

The h e a t e r  has  been used t o  

Measurements on t h e  o lde r  vacuum system (Test  System I )  show t h a t  t h e  

creep rate of copper i s  not icably  a f f e c t e d  by i t s  surface s t r u c t u r e .  The 

data i n d i c a t e  t h a t  t h e  creep r a t e  of a sample cleaned by argon bombarding 

i s  l a r g e r  than  after t h e  sane sample i s  reoxidized " i n  s i t u " .  The change 

of creep r a t e s  should be assoc ia ted  wi th  changes i n  t h e  su r face  s t r u c t u r e  

of t h e  sample. 
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FIG. i 
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F E L E A S E  MECHANISM 
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a- To SAMPLE f S T A I N U S S  STEEL 
PLATE A - 

- NICHROME W I R E  E 
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LOAD c 

F I G .  2a 

F I G .  2 LOAD RELEASE MECHANISM (SCHEMATICALLY) .  
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NICHROME WIRE F - 

GLASS ENVELOPE (L) -P 

SPECI- 

E 

-+-- ELECTRICAL FEED THROUGH ( K )  

/- 

I 

-THERMOCOUPLE WIRE (I) 

- PYREX TUBE 
- A1 0 2 3  

SUPPORT ( C) - - 1/4" STAINLESS STEEL AND 
COPPER RODS(A & B) 

- 3 Mo-RADIATION SHIELD (D) 

- DETECTION WIRES 
c METAL-GLASS ADAPTER 

(CON-FLAT FLANGE) 4- 
- POSITION X 
-POSITION Y ELECTRICAL FEED 

1/4" COPPER ROD (H) 
CONNECTED TO 45A 

THROUGH AT FLEXIBLE 
BELLOWS 

FIG, 4 TEST SECTION IN TEST SYSTEM II. (SCHEMATICALLY) 
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L O U  185 gr 
SPECIMEN DIAMETER 0.008" 

0 1 2 

Time  - Min. 

0 

- 0.2% 
A1 
1 
- -  

I 
3 

FIG. 6 CREEP OF 0.008 INCH COPPER WIRE SPECIMEN ARGON BOMBARDED PRIOR TO TESTING 



FIG. 7B TEST ON OXYDIZED SAMPLE 

3 

0 

TIME-MIN 

FIG.  7A TEST ON "CLEAN" SAMPLE 

LOAD 185 gr ET TEMPER JRE 465OC 

A 1  
1 

-0.2% 

0 
/ 

2 4 6 
TIME-MIN 

8 10 12 

7.  CREEP TEST OF 0.008" Cu WIRE SPECIMEN CLEANED AND TESTED,THEW OXIDIZEE 
AND TESTED. 
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